We invoke the insights from the auction literature to study trade in services using data from an online market for programming support. We find that the observed clustering of trade between countries can be rationalized through a model featuring endogenous sorting of sellers who are heterogeneous in both quality and costs across projects offered by buyers who differ in outside option and willingness to pay for quality. To accommodate the possibility of such an outcome we extend a single-auction entry model to a setting where sellers choose among multiple projects. This feature plays an important role in explaining the data and understanding the effects of various trade policies.
Introduction
The Internet is transforming service markets by providing platforms that enable transactions between buyers who need a service and a wide range of service providers. One key aspect of this transformation is that the provision of many services, particularly professional ones, is no longer restricted by the proximity of buyers to providers. Such services become tradable within and across national borders. Hence, the observed rapid rise in international trade in professional services.
The design of online marketplaces for trade in services varies, but the common format involves buyers posting the description of a desired service (project) and then running an auction to select a provider. The auction mechanism, usually referred to as a multi-attribute auction, allows the buyer to select a provider based on the value of the submitted bid as well as other considerations, such as the expected quality of the provider.
1,2 The emerging organization of trade in professional services through online auctions suggests that the insights developed in the auction literature could be used to study how these markets function and to develop policies tailored to their design.
3 However, the specific features of these settings and the nature of the available data often differ from those studied in the traditional empirical auction literature and thus require new methodological tools. The objective of this paper is to develop a suitable conceptual framework, validate its applicability through an empirical analysis of trade in a particular service market, and apply it to quantify the impact of several policies traditionally used in auction markets on international trade in services. A key feature of these markets is that multiple projects are offered for bid simultaneously, hence, sellers must decide which auctions to enter. Participation decisions determine the competitive environment in individual auctions and ultimately determine prices. These decisions themselves are based on the differences in bidders' expected profitability across auctions, which is determined, in part, by the differences in expected competition. In equilibrium, the potential bidders' choices of what auctions to participate in, the resulting competitive environment in each auction, submitted bids, and the project award are functions of the set of potential sellers and also of the set of projects available for bid. Specifically, when the set of projects changes, participation, pricing and other outcome variables change as well. This property would arise even in an environment where all projects are identical and all potential sellers are symmetric. In the settings with heterogeneous projects and sellers, such as the one considered in this paper, sellers' participation and pricing decisions would further reflect competitive advantages individual sellers' might have in relation to different projects. Thus, sorting of sellers across projects might arise.
Traditional models of entry focus on one auction at a time. In these settings, potential sellers simply decide whether to participate in a given auction. Such models are not capable of accommodating the two properties described above. At the same time, failing to correctly account for the relationship between the set of available projects and the competitive auction environment may result in biased estimates of the distribution of sellers' costs. Similarly, counterfactual analysis that does not consider possible re-sorting arising as a consequence of the policy may provide poor guidance to policy makers. That is why we introduce a novel modeling framework characterizing participation decisions in the context of an auction environment where multiple projects are simultaneously available for bid and allow this framework to guide our analysis of the process determining trade in the online market for services. 4 While we propose this model in the context of an online setting, it is likely to have wider applicability since the majority of procurement markets involve simultaneous auctioning of multiple (heterogeneous) projects. Our analysis is based on data collected over multiple years from a prominent online market for programming services. We observe some 600,000 buyers submitting projects for bidding, as well as approximately 50,000 sellers.
5 For each week, our data contain information on all projects available for bid and the set of all potential sellers participating in the market. For each potential seller, we observe auctions the seller decided to participate in and the bids he submitted. Similarly, for each buyer, we observe the set of all sellers participating in the buyer's auction, sellers' bids, the buyer's choice and the ex-post measures of performance. This rich data structure enables us to disentangle the impact of demand-and supply-side decisions on trade in this market.
The nature and quality of the data from the online marketplace we study are similar to other procurement auction markets, such as the commonly studied highway procurement market. Yet, it has a number of advantages enabling us to make progress towards understanding the role of sorting in the procurement process. In particular, the market operates at high frequency (weekly) and the data contain a large amount of variation in the set of available projects. This is helpful for assessing the presence and consequences of sorting induced by such variation. The amount of heterogeneity across projects in our data is also more limited and easier to condition on. Specifically, from a potential bidder's point of view, projects differ mainly in the type of programming required, country of the buyer, and the size of the project. This is much more tractable than the heterogeneity across highway procurement projects which typically aggregate a wide variety of sub-projects, that may be complementary to other sub-projects the potential bidder is concurrently working on because of, e.g., geographical proximity. Finally, a major concern in the study of highway procurement auctions is the endogeneity of participation with respect to capacity constraints. Such concerns are much more limited in the market we study because projects are typically of quite short duration relative to the frequency at which the market operates and the vast majority are finished significantly before the deadline.
The key challenge to developing an empirically implementable model of entry in online market is the huge number of potential alternatives that each of the very large number of sellers in the market needs to consider. Krasnokutskaya, Song, and Tang (2017a) proposes a method to reduce the dimensionality on the demand side by aggregating sellers into groups on the basis of observable and unobservable characteristics. Here we build on this insight by considering an equilibrium in group-symmetric strategies whereby a seller from a given group chooses a type rather than a specific project to enter. This approach allows us to summarize sellers' profits as a function of sellers' groups and project types and of realized local (project-type-specific) competition. 6 To accurately model participation choices in our market, it is important to also allow for the correlation of private entry costs across project types for the same individual. It is natural to expect such correlation to be present and modeling it proves essential to fit the data.
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Under the multi-attribute auction format extensively used in online markets the buyers' willingness to pay for quality and the buyers' outside options are unknown to the sellers. Thus, the buyers' choice sets (the sets of participating sellers) are exogenous conditional on buyers' and projects' observable characteristics. This allows us to separate estimation into components that deal with buyer's choice conditional on the choice set (the demand side) and seller's optimal participation and pricing strategies (the supply side). We employ the estimation approach developed in Krasnokutskaya, Song, and Tang (2017a) to recover the individual sellers' unobserved quality as well as the distribution of buyers' outside options and tastes. With these estimates in hand, we turn to the estimation of supply-side primitives. In the data we observe all seller types participating in all auction types. This allows us to recover bidding strategies for every type of seller used in every type of auction. Therefore, we are also able to recover the distribution of project cost for every type of seller. Estimates of the bidding functions and the cost distributions allow us to impute ex-ante profit for every type of seller from participation in every type of project, given the observed competitive conditions for a given week. Finally, this allows us to recover the distributions of the entry costs for every seller type to rationalize the observed participation behavior.
In our analysis of the model's empirical performance we particularly emphasize the sorting property of our model. Specifically, in our data both buyers and sellers are widely dispersed across countries. Buyers award almost 80 percent of all projects to sellers located in countries outside their own. As in the case of trade in goods, the volume of service trade between countries in our data is proportional to the size of the markets. Even after conditioning on size, however, we observe a significant clustering of trade flows, with buyers disproportionately awarding contracts to sellers from specific countries. Importantly, the clustering patterns vary across countries so that the set of seller countries receiving a disproportionate share of contracts from, say, American buyers differs from the set that receives a disproportionate share of awards from, say, British buyers and is different yet again from that preferred by Australian buyers.
We validate the proposed model of participation by showing that it is capable of generating a clustering of trade observed in the data. The estimation results reveal that (a) the distributions of the buyers' willingness to pay for quality and their outside options differ significantly across buyer countries, and (b) the distributions of sellers' qualities and costs differ significantly across seller countries. The combination of these differences rationalizes the observed trade patterns in the data to a high degree. It is important to emphasize that sorting is not mechanically hardwired into the model. Specifically, the heterogeneity of sellers in the model is captured by their quality and the distribution of private costs. The distributions of sellers' qualities and costs differ across seller countries but do not depend on the prospective buyer's country. Analogously, buyers differ in their willingness to pay for quality and in their values of outside option, which are not observed by sellers. The distribution of these objects vary across buyers' countries but are not tied to the countries of the sellers. Despite the fact that the model includes no bilateral preference, cost, or other parameters, it predicts up to one percentage point the market shares of various sellers' countries among the projects auctioned by buyers from a given country.
The key to understanding this result is the mutual interdependence of demand and supply side responses. The ability of a buyer to obtain service of a preferred quality level is facilitated by the endogenous self-selection of sellers offering that quality in his auction. The resulting competition between these sellers lowers the price of the quality desired by the buyer, and this dis-incentivizes suppliers of different quality from participating in the auction. The end result is that, given buyer's preference for quality, the endogenous response of supply ensures that he is more likely to have greater access to it. Given the varying distributions of quality across countries, this explains the ability of the model to match the bilateral trade patterns without any pair-specific parameters. Indeed, our results indicate that sellers' participation decisions significantly contribute to the observed clustering of trade. In fact, counterfactually shutting down the participation channel in the estimated model eliminates 70% of the clustering.
Further, relative to the large literature on entry in non-auction markets, an attractive feature of our data is that we are able to tie sellers' participation decisions directly to their ex-post profitability since we observe prices submitted by sellers as well as subsequent allocations (buyers' choices). Hence, our framework imposes tight discipline on the participation component of the model. 8 We find that the model not only fits the data well but it does so under a plausible set of estimated parameters despite the tight restrictions imposed on the model by the data. This is indicative of the suitability of our modeling framework. Finally, even though the sorting in our model is centered around the buyers' and sellers' countries, the framework can be easily extended to allow for other dimensions of heterogeneity, e.g. size of the project. It is worth noting that these empirical findings also contribute to the literature analyzing international trade. The focus of trade literature, represented by Eaton and Kortum (2002) or Melitz (2003) models, tends to be on explaining aggregate (typically manufacturing) trade flows which makes it necessary to abstract away from many features of individual markets. Our paper is less ambitious in scope because we focus on one particular service market but the payoff is that we are able to model the key economic mechanisms of that market's operation in much greater detail. Specifically, we are able to highlight sellers' heterogeneity conditional on costs and to establish the quality dimension as an important determinant of trade in online markets. The novel implications of these features in combination with endogeneity of participation resulting in sorting of coders across auctions conducted by buyers from different country groups are the findings that we hope will be of interest to scholars using the international trade framework.
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These features motivate our choice of counterfactual experiments.
Specifically, we consider the potential impact of several regulatory policies affecting seller participation. While the regulation of online markets is perhaps not yet at the forefront of the policy debate, it may soon be there given the fast growing importance of these markets. We also believe that an understanding of the mechanisms underlying market responses to various interventions may inform further market design improvements. More generally, however, this analysis highlights the crucial role of resorting as a potential consequence of the policy. This insight applies not only to the online markets that are the focus of this paper but also other procurement markets which typically run simultaneous auctions. Further, this analysis also contributes to the international trade literature. Indeed, the traditional trade analysis (such as that summarized in Eaton and Kortum (2002) ) does not permit resorting of sellers in response to policy since 8 The common modeling approach in non-auction literature is to postulate an ad hoc profit function and to choose its parameters to rationalize observed entry patterns. Such an approach has many degrees of freedom as the profit function is chosen to rationalize entry but is not compared to actual ex post profits from entry (which are often not observed in data). In contrast, our hands are tied because we use a full model of pricing and allocation subsequent to participation and we require both of these decisions predicted by the model to be consistent with direct observations in the data.
9 The focus of the trade literature has also been recently directed at understanding the role of producers' quality in determining flows of trade between countries. Among others Fieler, Eslava, and Xu (2015) and Balat, Brambilla, and Sasaki (2016) emphasize the role of quality in explaining observed patterns of trade in products markets.
producers are essentially assumed to be homogeneous conditional on costs.
Auction literature usually analyzes two types of policies: (a) policies that directly affect participation (e.g., the bidder has to qualify to participate in the auction, or the bidder has to be invited to participate and the auctioneer decides whom to invite); (b) policies that primarily impact pricing in the market (e.g., the choice of the allocation mechanism such as a first price or a second price auction, or even less standard mechanisms such as a multi-attribute auction or a price preference given to a subgroup of bidders). We consider both types of policies and their impact on international trade and the welfare of market participants.
To illustrate the impact of trade policies directly affecting participation, consider first a fairly blunt policy such as imposing a quota on the participation of foreign sellers. There are various ways to implement this policy, but a simple mechanical way to think about it is that a foreign seller who decides to submit a bid in a particular auction has to apply for a permission from the government and only a fraction of foreign sellers are allowed to proceed with a bid. If the restriction is imposed irrespective of the quality of the foreign sellers, it has a non-trivial effect since it tends to exclude attractive sellers as well as the unattractive ones. This policy clearly reduces the competitiveness of the market and results in higher prices. Despite the policy not depending on quality, it induces a substantial change in the quality composition of sellers participating in the market. Participation of foreign sellers shifts toward higher quality bidders who are more competitive. Interestingly, this shift in composition of foreign participants affects the composition of domestic sellers as well. While domestic sellers of all quality levels participate and win more often, the participation and the market share of higher quality domestic sellers expands to a greater degree. This change in quality composition mitigates the adverse effect of higher prices on domestic buyers. This is important for a country such as the US which is a net importer of services in this market and is thus significantly affected by the impact of policies on buyers. On the whole, we find the effect of this policy to be slightly positive on US welfare while it is negative if we counterfactually do not allow the quality composition to respond. Notice that the traditional trade framework would predict that consumer welfare should unambiguously decline, as a result of such policy, since consumers do not have access to the lowest possible price some of the time. This conclusion would arise because the traditional trade approach does not allow for systematic differences among producers conditional on costs.
A more refined implementation of this policy may condition the quota on the quality of foreign sellers. Indeed, an important concern of the government in many service markets is the quality of providers. A typical policy response involves the licensing of service providers. Such a requirement is absent in the market we study but can be easily implemented, e.g., by requiring a certain minimum performance on a qualification test. We consider the effects of such a policy that imposes a lower bound on the quality of foreign sellers permitted to participate in the market. While the specific implications of this policy parallel the effects of the quota described above, overall, we find this policy to result in a very small impact on US market participants because it eliminates the portion of the quality distribution that is least attractive to the domestic buyers. The profitability of attractive (high quality) sellers is only slightly affected since only a small set of weak competitors is eliminated while their costs and the probability of being considered remain unchanged. Thus, the high quality sellers shift their participation towards the US market only slightly and the resulting price changes are also quite small.
Finally, we consider a trade policy that directly affects pricing in favor of domestic sellers and lets participation adjust accordingly. A version of this policy is commonly used in US defense procurement where the US government imposes a margin by which domestic bids may exceed foreign bids for equivalent products. In the same vein, we consider a policy that levies a fine on a buyer who awards a project to a foreign provider when a domestic provider of similar quality submitted a bid that exceeded the chosen foreign bid by less than a specified margin. In an auction environment, pricing always balances markup considerations vs. the probability of winning. Domestic sellers use the price advantage from this policy to increase their markups and to gain market share. In response, foreign sellers lower their prices to mitigate the loss of market share. This, in turn, prevents domestic sellers from significantly increasing their prices. As a result, the average price in the market changes little. Thus, the negative price consequences of this policy on domestic buyers are minimal. On the contrary, domestic buyers benefit because of the change in the composition of foreign sellers towards higher quality (because they have low costs and still find this market attractive despite the discriminatory policy in place). So the total effect on buyers is positive. Overall, the price preference policy is able to generate a large domestic welfare gain despite restricting the access to international trade.
The paper is organized as follows. Section 2 describes the market; Section 3 provides summary statistics and trends observed in the data. The model is developed in section 4. Section 5 discusses the empirical methodology, followed by section 6 summarizing the estimation results; section 7 outlines the results of the clustering decomposition, whereas section 8 analyzes potential impact of trade policies on this market. Section 9 offers conclusions.
Market Description
This paper studies an online market for programming services, in which a platform serves as an intermediary between buyers (the demand side) and potential sellers (the supply side). Buyers procure services such as platform programming, databases, graphics programming and website design by posting job announcements. Interested sellers can respond by submitting a quote for the price (bid) at which they would be willing to complete the task. The market serves buyers from countries around the world by providing access to sellers who differ in their country of origin and thus possibly in their costs and quality.
The intermediary company allocates jobs through multi-attribute auctions, allowing buyers to take into account seller characteristics in addition to the price. As a result, the selected seller is not necessarily the one who submits the lowest bid. An important feature of this allocation mechanism is that the award rule is not announced and thus remains unknown to other market participants.
The platform maintains a registry of participating sellers which provides limited information on verifiable "outside" credentials as well as information about the on-site performance of the seller. The latter includes a history of performance-related measures such as reputation scores or ratings, which reflect buyers' numerical feedback about working with a given seller, 10 as well as instances of delays and disputes. In the case of a dispute, the company provides professional arbitration services that ensure that a seller is paid if only if the completed job satisfies industry standards. Sellers often communicate with buyers before posting quotes, with an average of three messages exchanged between a seller and a buyer prior to submitting a bid. Sellers can also attach an example of previous work or a sketch of the proposed code. Hence, a buyer has the opportunity to form an opinion about each bidder's quality. The content of these communications are not observable in the data which suggests a possibility of unobserved seller heterogeneity.
Prospective sellers observe neither the exact set of their competitors nor the competing bids.
Descriptive Analysis
We have access to the first six years of the operation of this online market. We focus our analysis on projects associated with graphics-as well as media-related programming. This is one of the most active segments of our programming market which operates regularly and receives projects originating from many different countries every week. It is also a highly specialized area so that it does not attract providers actively participating in auctions for other types of programming. We restrict our analysis to years four through six of the market operation to avoid concerns about market stability and participants' lack of experience. Finally, we focus on medium to medium-large projects offered in this market because the small projects segment (below $200) and the very large project segment (above $1,000) are characterized by qualitatively different patterns of participation and bidding.
11 Our final dataset includes 49,334 projects with bids from 10,213 distinct sellers. Table 1 provides a general summary of the data. It shows that an average project in our dataset is worth around $500; on average a buyer expects the project to be completed in slightly less than three weeks although a large fraction of projects have a much shorter deadline (from a couple of days to a week).
General Summary Statistics
10 Reputation score is a number between 1 and 10. 11 The very small projects tend to attract a very large number of providers (20-50 per auction) who participate in the market just a few times. The very large projects appear infrequently. They constitute less than 0.001% of the projects offered in this market. They tend to be longer and may potentially impose large capacity requirements on providers.
Most buyers appear in the dataset only once. In an average week 465 projects are auctioned in this market with 1,366 unique sellers expressing interest in participation 12 (in a median week the number of projects is 607; and the number of potential sellers is close to 1,500). The majority of projects are allocated to one of the bidders. On average only 3% of buyers in this market choose not to allocate the project after completing an auction. A large fraction of sellers appear in the market only a few times; the median time a seller stays in the market is one week. In our analysis, we distinguish between the transitory sellers (those who stayed in the market less then 6 months) and permanent sellers (who stayed in the market longer than six months). The majority of permanent sellers have tenure of more than two years and many stay in the market in excess of three years. As we document in the table, 26% of bids in an average week are submitted by permanent sellers (in a median week this share is equal to 21%); permanent sellers win 31% of projects in an average week (in the median week this share is 23%). In our dataset an average permanent seller submits over 300 bids during his tenure (the median permanent seller submits 252 bids). Permanent sellers are quite uniform in their recorded performance: an average score of a permanent seller is 9.8 out of 10 possible points (with median equal to 9.75). Only a small fraction (around 12%) of permanent sellers are ever involved in a dispute, or have a delay (15% of permanent sellers) registered against them.
The multi-attribute feature of the auction is important since only 18% of the projects are allocated to the bidder submitting the lowest bid in an average week (21% in the median week). Specifically, an average buyer chooses to pay a 32% premium (the median is 29%) above the lowest bid submitted in his auction. Further, the instance of winning appears to be positively correlated with price. A logit regression
where Y i,l is equal to one if seller i wins auction l and zero otherwise; X i,l are seller i s performance characteristics and his experience; B i,l is the bid submitted by seller i; µ c(i) is a seller country's fixed effect, estimates a statistically significant positive coefficient in front of price 13 which indicates that sellers submitting higher prices in a given auction are more likely to win. Such regularity typically is indicative of the presence of omitted variables reflecting (unobserved) seller heterogeneity. We follow a methodology developed in Krasnokutskaya, Song, and Tang (2017a) to address this issue in the estimation.
Evidence of International Trade
This is an international market. The demand side is represented by buyers from 170 countries with 55% of the projects submitted by US buyers, 25% of projects originating in the UK, Australia and Canada, and a large number of countries each reponsible for 1% or 2% of the 12 We define a seller as expressing interest if he inquires about the details of the project. 13 The estimated coefficient on price is equal to 1.82 with a standard error equal to 0.56. projects. The supply side is served by programmers from 240 countries: India is responsible for 27% of submitted bids; Pakistan, USA and Romania for about 11% each; and a large number of countries submit between 1% to 3% each. Further, a significant amount of trade in this market occurs across geographical borders. For example, only about 9% of US projects are allocated to US sellers, 50% of projects from India are allocated to Indian sellers, less than 1% of projects from the UK, Germany or France are allocated to the sellers from their home countries, and so on.
In the interest of tractability as well as precision of subsequent analysis we focus on the patterns of trade between groups of countries. Countries are grouped by geographic proximity, similarity of language, and economic conditions. The demand side of the market is represented by the following seven groups: North America, the United Kingdom, Western Europe, Southern Europe, Eastern Europe, Australasia, and South and East Asia.
14 Similarly, the supply side 14 North America combines USA and Canada; Western European group includes Austria, Belgium, Denmark, Finland, Germany, Iceland, Ireland, the Netherlands, Norway, Sweden, and Switzerland; Southern Europe consists of France, Greece, Italy, Portugal, and Spain; Eastern Europe includes Belarus, Bosnia and Herzegovina, Bulgaria, Croatia, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Moldova, Poland, Romania, Russia, Serbia, Slovakia, Slovenia, and Ukraine; Australasia consists of Australia and New Zealand; and South and East Asia includes India, Pakistan and Singapore. focuses on seven groups of seller countries: North America, Latin America, Western Europe, Eastern Europe, Africa and the Middle East, South and East Asia, and Australasia. 15 In the remainder of the paper we interchangeably use 'buyer country' and 'buyer country group' to refer to these groupings. The majority of sellers originate from North America, Eastern Europe or South and East Asia, making these three country groups the focus of our analysis. In our data, North American sellers play a less important role in comparison to the Eastern European or Asian groups. Specifically, only about 30% of projects receive bids from North American sellers while close to 90% of projects attract at least one Asian bid and 75% of projects attract at least one Eastern European seller. Next, we demonstrate that trade in this market is characterized by pairwise clustering. That is, different buyer countries seem to focus their trade on different seller countries. To see this consider Table 2 which reports a fraction of the winning bids among all bids submitted by a given seller country group to the auctions of a specific buyer country group. Clearly, the return to submitting a bid varies across pairs. Specifically, 23% of all bids submitted by North American sellers to North American buyers result in winning, while in contrast only 14% of North American bids result in winning when submitted to projects auctioned by Western or Eastern European buyers. Similarly, 18-19% of Eastern European bids win if they are submitted to Western or Eastern European buyers, but only 12% win if submitted to Asian buyers. Finally, 17% of bids submitted by Asian sellers result in winning if they are submitted to Asian buyers but only 11% win if submitted to Eastern European buyers.
Another way to detect clustering is demonstrated in Table 3 . Here we are comparing the conditional distribution of the number of projects allocated to different seller countries conditional This table documents patterns in project allocation and seller participation across pairs of buyer-seller country groups. Specifically, the left-hand-side panel reports the ratio between the conditional distribution of the number of bids across seller country groups conditional on buyer country group and the marginal distribution of the number bids across seller country groups. Similarly, the right-hand-side panel reports the ratio between the conditional distribution of the number of projects awarded to different seller country groups conditional on buyer country group and the marginal distribution of the number of projects awarded across seller country groups.
on buyer country to the marginal distribution of the number of allocated projects across seller countries. Specifically, we are looking at the ratio of the conditional distribution to the marginal one. The logic underlying this analysis is as follows. The number of projects from a given buyer country allocated to a specific seller country naturally depends on the economic presence of these countries in the online market. Specifically, we expect to see a large number of projects from North America to be allocated to all seller countries just because the overall number of such projects is large. We eliminate the influence of the economic presence of the buyer country by comparing conditional shares of projects allocated to sellers from different country groups conditional on the buyer country group. Similarly, we expect to see a large share of projects to be allocated to Asian sellers in auctions from all buyer groups just because the number of Asian sellers far exceeds those from any other country group. To isolate the clustering pattern, we study deviation of conditional shares (conditional on a buyer country) from the marginal shares.
The results of this analysis are summarized in the left panel of Table 3 .
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If trade were proportional to 'size' we would expect the ratios in Table 3 to be close to 1. Instead, we find substantial distortions: for example, the share of North American projects allocated to North American sellers is 44% higher than the share of North American sellers in the marginal distribution, whereas the corresponding share associated with projects auctioned by 16 This calculation underlines a standard test used for detecting clustering patterns in statistical literature. The appropriate X 2 test statistics is given in Equation (9) in Section 6.4.
Asian buyers is 33% lower than the share of North American sellers in the marginal distribution. Similarly, the share of Eastern European projects allocated to Eastern European sellers exceeds the marginal share of Eastern European sellers by 23% and the marginal share of Asian sellers in Asian projects exceeds their marginal share by 19%.
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Next, we investigate participation patterns in this market. We say that seller i participates in auction l if he submits a bid in this auction. Table 3 indicates that participation in this market is also characterized by a clustering pattern. This can be deduced from the right panel which shows the ratio of the conditional distribution of the number of bids submitted to auctions of a given buyer country across different seller countries to the marginal distribution of the number of bids across seller countries. The clustering pattern captured in this panel is similar to the one observed in the allocation of projects.
This regularity is perhaps not surprising since, in this market, a buyer is constrained to allocate the project to one of the sellers who endogenously chose to participate in his auction inducing a correlation between seller participation and buyer allocation. The correlation between seller participation and buyer allocation is further reinforced by enhanced price competition since sellers of similar quality participate in the same auction and thus cannot leverage quality differentials to mitigate price competition. A model rationalizing the clustering of trade in this market hence has to take strategic participation into account.
The clustering might naturally arise because of the pairwise preferences characterizing the demand side or through pairwise differences in project and entry costs on the supply side. In subsequent analysis we investigate to what extent the clustering in trade could be generated through the sorting of heterogeneous sellers across buyers with heterogeneous tastes where neither sellers' attributes or costs nor buyers' preferences depend on their partner's country.
Model
The market brings together a number of one-time buyers seeking to procure service for a single project and qualified sellers interested in providing such service. Project l is characterized by the buyer's country of origin, o b (l) with o b = {1, 2, ..., O b }, and the size, z l . We denote the set of projects offered in the market by M and summarize this set by a vector,
reflecting the number of projects across buyers' countries.
Each seller j in the population is characterized by a vector of attributes, x j ∈ X = {x 1 , ·, ·, ·,x P }, and a scalar quality index, q j , which admits values from a discrete set Q(x) = {q 1 (x), ·, ·, ·,q K(x) (x)}. Notice that distribution of quality indexes is x-specific in a sense that both the number of quality levels and the quality levels themselves may depend on x.
Sellers are of two types r = {p, t} where 'p' denotes permanent sellers and 't' denotes transitory ones. A permanent seller's quality is known to all market participants; a transi-tory seller's quality is his private information which is distributed according to the distribution H Q|x = {q k (x),π k (x)} for a seller characterized by a vector of attributes x. A transitory seller reveals his quality draw to a buyer when submitting a bid. Here we follow the convention of using capital letters to denote random variables (such as quality of a transitory seller, Q) and lower-case letters to denote the realizations of random variables (such as q k (x)).
Sellers present in the market (potential bidders) are randomly drawn from the general population of sellers. We denote the set of potential bidders by N . Information about this set is available to all potential bidders and is summarized by a vector I N , which reports the number of permanent potential bidders for each (x, q)-group, and the numbers of transitory potential bidders for each x-group. In general, we will use notation I Ω below to reflect public information about the set of sellers Ω.
Seller j who is present in the market is further characterized by private unit costs, (ν j , c j ), where ν j = (ν 1,j , ..., ν O b ,j ); c j z denotes the seller's total cost of performing the service and ν o b ,j z reflects the seller's total participation costs if the project is from country o b and is of size z. We assume that the unit participation costs and the unit cost of work are independent of each other and across sellers; they are distributed according to the distributions F ν (x,q) and F C (x,q) . Note that the distributions of costs depend on a seller's x attributes and quality but not on the country of a project's origin.
The timeline for the market runs as follows. Each potential seller j observes (J M , I N ) and a draw of his unit participation costs ν j ; he then chooses among O b + 1 alternatives: he either decides to submit a bid for a project of type o b ∈ {1, · · ·, O b } or decides not to participate in the market. If a seller decides not to participate, he obtains a payoff of zero and leaves the market. If he chooses one of the participation options he observes his unit cost of work, c j , and the set of sellers who chose the same type of project as he did. He does not observe specific projects for which his competitors submit their bids. The bidder then decides on the value of his unit bid, b j ; randomly selects a project within his chosen type; observes project size; and places the bid equal to zb j . In a slight abuse of notation we refer to the set of sellers who decided to submit a bid to a project of type o b as the set of potential bidders for this type of project and denote this set by N o b (information about this set is summarized in I o b ). The seller thus has access to information about I o b , J M , and c j when he decides on his bid. After bids are submitted, buyers decide on project allocation. Project Allocation. We use A l to denote the set of sellers who submitted bids for project l and refer to such sellers as active bidders. These sellers form the buyer's choice set. For each seller j ∈ A l the buyer observes attributes, x j , quality index q j and bid b l,j =b l,j z l . Hereb l,j is a per unit bid.
Allocative decisions follow the format of a multi-attribute auction. Specifically, buyer l associates a value, ∆ l,j , with an active seller j ∈ A l and awards his project to the active seller with the highest level of ∆ l,j − zb l,j if this level exceeds buyer's outside option U l,0 ; otherwise, he leaves the project unassigned.
The buyer's value is a function of a seller's attributes with buyer-specific coefficients α l and l,j ( l,j represents the residual value assigned by this buyer to a specific seller), i.e.,
Notice that (q j + x j β) plays the role of an effective quality index. The component x j β accounts for the impact of observables on quality whereas q j captures the residual quality component. We let l = { l,1 , ... l,|A| } and refer to (α l , l ) as the vector of the buyers' utility coefficients.
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In keeping with the definition of a multi-attribute auction, sellers do not observe the utility coefficients or the outside option of a specific buyer, and consider these to be random draws from the corresponding distributions specific to the population of buyers from country o b , F α, ,U 0 |o b .
Sellers' Strategies and Market Equilibrium. Sellers' strategies in this game consist of two components: a participation component, Let us denote a vector of strategies used by competitors of seller j by (d −j , σ −j ); then a seller j of type, τ j = (r, x, q) j , who chooses to participate in an auction of type o b ; draws unit cost of service c j and submits unit bidb j , obtains the expected payoff equal to
where
is his probability of winning a project of type o b given the competitive structure for the projects of this type (implied by (I No b , m o b ) and the fact that competitors are randomly allocated across projects within the type) and provided that his competitors follow bidding strategies σ −j . Herez denotes the expected size of the project sold in this market. 19 The payoff expression reflects the fact that when deciding what to bid, a seller is only informed about the set of potential competitors for the project where he is submitting a bid.
The expression for P (j wins|b j , τ j ,
In this expression the expectation is taken with respect to the set of actual competitors (sellers submitting bids in the same auction as j). The probability of winning conditional on the set of actual competitors is computed by taking the expectation over the distribution F α, ,U 0 |o b and over the distributions of the competitors' costs for the set of competitors a (competitors' costs when combined with σ −j account for the distribution of bids submitted by competitors). Finally, the probability of a specific realization a is computed taking into account that each seller in N o b chooses one out of m o b auctions at random. Thus the number of sellers from each τ -group entering a specific auction follows a multinomial distribution, i.e. it is distributed as the number of successes in the number of trials equal to the size of this group among potential sellers for auctions of type
, where the probability of success is given by
Seller j s ex-ante payoff from participating in an auction of type o b is then given bȳ
This payoff is obtained from . Intuitively, a seller chooses the option that promises the highest net profit. Profitabilities of various alternatives are determined by the buyers' tastes (price sensitivity and outside option) and expected competition in the corresponding submarket. In line with the existing empirical auction literature, we assume that the observed outcomes reflect a type-symmetric pure strategy Bayesian Nash equilibrium (psBNE). In such an equilibrium, participants who are ex ante identical (i.e. either permanent or transitory and characterized by the same x and q) adopt the same strategies. Formally, an equilibrium of this game is given by a profile of strategies {d * τ , σ * τ } with τ = (r, x, q) such that
for all possible realizations of (ν j , c j ),
The existence of equilibrium of this game can be established by the following two-step ap-
and so on.
proach. First, the results from McAdams (2003) can be applied to establish existence of the equilibrium in the bidding strategies for each sub-game summarized by I No b , m o b . In the second step, the standard contracting mapping argument could be used to establish the existence of equilibrium in participation strategies which is consistent with the bidding strategies characterized in the first step. While the equilibrium in the pricing strategies conditional on I No b , m o b is unique, this property does not apply to the equilibrium in participation strategies. The potential non-uniqueness of the equilibrium in participation strategies does not impact our estimation of the demand-side parameters or of the distributions of the projects' costs. However, in order to recover the distribution of participation costs, we need to have that the same equilibrium is played in all markets characterized by the same value of (I N , J M ). This assumption is quite standard in the literature.
Comment. In this analysis we assume that sellers do not take the size of the project into account when deciding where to submit a bid. Such an assumption is not conceptually necessary since our methodological framework can be easily adjusted to allow sellers to choose projects by size and the country of origin. It is, however, convenient from the point of view of implementation since it reduces the number of auxiliary objects (and, ultimately, the number of parameters) that need to be estimated. This point will become clear once we explain our estimation strategy. It also does not distort reality too much since sellers tend to choose projects from the same size bin (small, medium, large or very large) and the numerical size of the project is often revised in which case bids are pro-rated. Finally, this assumption does not prevent us from fitting the data quite well.
Estimation Methodology
We have access to weekly observations on the operation of this market. For a given week the data contain information on the set of projects offered in the market, and the set of potential sellers; for each project we know the set of sellers submitting bids, their bids and the buyer's choice. In addition, for each seller who ever appears in the market we observe his vector of x− attributes and whether the seller is of a permanent or transitory type. Unlike buyers, we do not observe sellers' quality indexes, q. Our environment is thus characterized by unobserved seller heterogeneity.
We need to recover from the data the distributions of buyers' utility coefficients and buyers' outside options conditional on buyer country, F α, |o b and F U 0 |o b ; utility coefficient, β, permanent sellers' quality levels, q j , the distribution of transitory sellers qualities, H Q|x = {q k (x),π k (x)} on the demand side; and the distributions of sellers' marginal participation and project costs, F ν (x,q) and F C (x,q) on the supply side. Our estimation strategy exploits the fact that, under the multi-attribute auction format, neither buyers' willingness to pay for quality nor buyers' outside options are known to sellers. Thus, buyers' choice sets (the set of participating sellers) are exogenous conditional on buyers' and projects' observable characteristics. This allows us to separate the estimation into components that deal with buyer's choice conditional on the choice set (the demand side) and seller's optimal participation and pricing strategies (the supply side). We begin by discussing the estimation of the demand-side primitives.
Demand Estimation
We make use of the two-step estimation approach developed in Krasnokutskaya, Song, and Tang (2017a) . The methodological challenges that are addressed by this methodology and the details of the identification strategy are summarized in the Online Appendix.
21 Under this methodology, in the first step permanent sellers characterized by a common vector of x-attributes are classified into groups of equal quality. In the second step, these groupings are imposed in GMM estimation which recovers the distributions of utility coefficients, outside options, quality levels associated with different quality groups, and the conditional distribution of transitory sellers' quality, Pr(Q h =q|x h ). We begin by summarizing the identification strategy and then providing details of the estimation methodology.
Summary of the Identification Strategy. Briefly, we exploit the permanent sellers' probability of winning conditional on relevant observable attributes to recover quality groupings from the data. Once the permanent sellers' quality group memberships are recovered, we use them to identify other model primitives. Specifically, the distributions of utility coefficients are identified through the variation in the buyers' choice sets (defined in terms of permanent sellers group memberships) and the variation in prices of permanent sellers. For this we need to consider choice sets that include at least two permanent bidders. For example, we use variation in permanent sellers' prices in the auctions that attracted two or more permanent sellers from the same quality group to identify the distribution of -components; whereas the variation in the permanent sellers' prices in the auctions which attracted permanent sellers from specific different quality groups are used to identify the distribution of α and the quality levels corresponding to different quality groups. The systematic variation in quality levels associated with variation in observable characteristics identifies utility coefficients β. It is important to emphasize that, in contrast to standard approaches to estimation of discrete choice models, we do not condition on a specific choice set in the estimation. Instead, we use moment conditions which aggregate over the choice sets that are characterized by some specific property. This feature of our methodology is motivated by the presence of transitory sellers who participate only in a very small number of auctions, and due to high variability of choice sets in general (even the part of the choice set which consists of permanent sellers) which leads to a very small number of observations available for any given choice set. Further, for a given distribution of utility coefficients, the distribution of the payoffs associ-ated with transitory sellers is known up to a mixing probability (which depends on transitory seller's bid). To see how the mixing probability is identified consider auctions where the set of participants consists of a permanent seller and a transitory one. The variation in the winning probability of the permanent seller in response to the variation in his bid and holding the bid and the x− group of the transitory seller fixed identifies conditional mixing probabilities and the distribution of outside option. To separate mixing probabilities from the distribution of outside option, we need to separately consider sets of auctions where the set of participants includes transitory sellers from different x-groups. Formal details of identification strategy can be found in Krasnokutskaya, Song, and Tang (2017a) .
Recovering Quality Group Structure. Let us denote the set of permanent sellers with a vector of observable attributes x by S(x). Intuitively, consider sellers i and j from S(x) who participate in two separate but ex-ante identical auctions (i.e., the characteristics and the realized set of competitors are the same for both projects) and submit equal bids. Under such circumstances the seller with the higher value of q has the higher chance of winning. Note that the winner is not deterministic in the presence of uncertainty about buyers' utility coefficients and an outside option. The ranking of winning probabilities is preserved when aggregating over the projects with the same distribution of buyers' utility coefficients and outside options (i.e., projects with the same o b ) and/or over possible sets of competitors as long as the probability of encountering a given set of competitors is the same for both sellers. This condition holds if, for example, the pool from which competitors are drawn does not include either i or j. Formally, we rely on the following pair-specific index:
This index reflects the probability that seller i wins an auction of type o b when submitting a bid b and when the set of his direct competitors does not include j while j does choose to participate in an auction of type o b . Proposition 1 in Krasnokutskaya, Song, and Tang (2017a) establishes a pairwise ranking of bidders i and j on the basis of indexes r i,j (b) and r j,i (b). Further, Krasnokutskaya, Song, and Tang (2017b) demonstrate that if a pairwise ranking of every pair of sellers within S(x) can be established (the set of pairwise connections is complete), then the group structure of this set of sellers is identified. They propose a classification procedure to recover quality group structure of a given set S(x). Briefly, the algorithm works as follows. For each seller i in S(x), we first divide the remaining sellers in S(x) into two groups: one with sellers likely to have higher quality than i and the other with sellers likely to have lower quality than i. We obtain this division by comparing the p-values from two pairwise bootstrap tests of the inequality restrictions r i,j ≥ r j,i and r i,j ≤ r j,i . Next, we place seller i in one of the two groups depending on whether he is likely to have the same quality as the other sellers in the group. Thus we obtain one group structure for each seller i, and choose one of these structures that has the strongest empirical support (in terms of average p-values). This gives the first division of S(x) in two subgroups. We then sequentially select a subgroup with sellers most likely to have heterogeneous qualities, and divide the group similarly as before. To prevent overfitting (i.e., ending up with too many subgroups), we stop the division process when a goodness-of-fit measure defined in terms of average p-values is dominated by a penalty term.
This classification algorithm estimates the whole group structure at once instead of reconstructing it from pairwise comparisons sequentially. The advantage of this approach is that it imposes in estimation transitivity of sellers' ordering which may otherwise be violated in finite samples.
GMM Estimation. Next, we proceed with GMM estimation of other demand-side primitives treating the recovered permanent sellers' group memberships as given.
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The moment conditions are primarily built around the permanent seller's winning probability given the seller attributes and quality group affiliation and some features of the set of active competitors. To be specific, let B l be the vector of submitted bids in auction l. For each bidder j in auction l, define m j,l = 1{j wins l} − Pr(j wins |B l , I, J; o b ), where Pr(j wins l |B l , I, J; o b ) is the conditional winning probability of seller j in auction l with a given composition of potential sellers I, composition of the set of projects J and the type of project o b when the vector of submitted bids is B l . We then construct a moment condition as follows:
where g j (B l , I, J, o b ) is a function of (B l , I, J, o b ); and the summation inside the moment condition is over j in the set of active permanent bidders in auction l.
We use two sets of moments. The first set includes (1) moments that are based on a permanent seller's probability of winning in an auction where two or more active permanent bidders belong to the same group; (2) moments that are based on the probability of winning by a permanent seller from a group (x, q) in an auction where he competes with one or more permanent bidders belonging to a different group. As for the choice of g j (.), we consider the following functions: constant (equal to 1); the difference between the permanent seller j s (purported winner) bid and a bid of another permanent seller (in this example, seller i), B j − B i ; the bid of winning seller j, B j ; the squared difference between the winning permanent seller j s bid and a bid of another permanent seller from the same group, (B j − B i ) 2 ; and the squared bid of winning seller j, B 2 j ; the product of the difference and the bid of winning seller j, (B j − B i )B j ; the product of winning seller j s bid and the bid of a transitory seller h, B j B h ; the product of the square of winning seller j s bid and the transitory seller h s bid, B 2 j B h ; as well as the product of winning seller j s bid and the transitory seller's attributes, B j x h ; the product of the square of winning seller j s bid and the transitory seller's attributes, B 2 j x h . We consider a set of such moments for each buyer country group.
Accommodating the Unobservability of Transitory Sellers' Qualities. To use these moment conditions, we need to evaluate Pr(j wins |B l , I, J; o b ). However, note that a buyer observes (x, q)-group affiliations of all sellers in his choice set, whereas the econometrician does not observe transitory sellers' qualities. This means that Pr(j wins |B l , I, J; o b ) is the winning probability after integrating out the vector of participating transitory sellers' qualities. Let Q t be the participating transitory sellers' quality vector in the auction, and take Pr(j wins |B l , I, J; Q t =q, o b ) to be the same as Pr(j wins |B l , I, J; o b ), except that it indicates the winning probability when the auction has participating transitory sellers with the specific quality vectorq. This winning probability (Pr(j wins |B l , I, J; Q t =q, o b )) reflects buyers' decisions, and is determined by the distribution of buyers' utility coefficients and their outside options. We write
where B t,l is the vector of transitory sellers' bids submitted in the auction. Note that the conditional probability of Q t =q given B t,l = b t , I and J does not depend on the bids of permanent bidders.
To obtain the expression for Pr(j wins |B l , I, J; Q t =q, o b ), we parametrize the distributions of i,l and (α, β, U 0 ) in a standard way. However, it is not immediately obvious how to parametrize Pr(Q t =q|b, I, J; o b ), because it involves the transitory sellers' behavior. Following Krasnokutskaya, Song, and Tang (2017a), we exploit the following representation of these objects:
, and parameterize f B (b i | τ i , I o b , J; o b ) and Pr(j ∈ A| τ i , I, J; o b ) which correspond to the density of bids and the probability of participation associated with a transitory seller characterized by τ i = (t, x,q i ). The identification strategy presented in the previous section permits nonparametric recovery of Pr(Q t =q|, b t , I, J; o b ). We make use of additional restrictions in the estimation that would allow us to identify Pr(j is active|τ j , I N , J; o b ), f B (b j |τ j , I o b , J; o b ), and Pr(Q j = q j |x j ) separately.
Specifically, we match empirical and theoretical means and variances of the permanent and transitory sellers' bid distributions, as well as the frequencies with which potential permanent and transitory sellers submit a bid to auctions from different buyer countries aggregated to the level observed in the data. We additionally impose optimality of the sellers' participation decisions.
Supply Side Estimation
Recovering the Distributions of Project Costs. We extend the standard methodology for recovering the distribution of private costs to the multi-attribute auction environment. Our approach builds on that of Guerre, Perrigne, and Vuong (2000) developed for standard firstprice auctions. Specifically, we recover the distributions of the sellers' costs conditional on sellers' attributes by combining the bid distributions of permanent sellers with the corresponding inverse bid functions:
The inverse bid function,
, is derived from the first order condition of the corresponding permanent seller's optimization problem: Further, all these objects depend on the competitive conditions as summarized by the number of sellers bidding for the projects of a given type, I o b , as well as the number of projects of this type available for bid in a given week, m o b . It is worth emphasizing that in a model where sellers consider one auction at a time, the dependency of these objects on the set of available projects does not arise. However, the estimates could be significantly biased if such dependency is not taken into account in the setting where multiple projects are available for bid. Indeed, consider two markets that are characterized by the same set of potential sellers I o b but in one market a large number of projects is offered whereas in the second market the number of projects is small. Then, in the first market, the expected number of participants in any individual auction would be small and thus the distribution of submitted bids would be located around high bid values. In contrast, in the second market, the expected number of participants in the individual auctions would be large and thus the distribution of bids would be located around small bid values. If we fail to take the number of projects into account we would misinterpret such variation in bids as being generated by the variation in costs, which would lead us to overestimate the variance of the distributions of costs.
Recovering the Distribution of Participation Costs. We make use of the model's predictions concerning sellers' participation choices in order to recover the distribution of participation costs. To accommodate the specifics of our environment we allow that seller i s costs for entering various types of auctions in a given time period may be correlated. Specifically, the cost of participating in an auction of type o b in period t is given by ν i,t,o b = ν i,t,0 +ν i,t,l ; components ν i,t,0 , and {ν i,t,1 , ..,ν i,t,O b } are independent from each other and across sellers and periods and distributed according to the exponential distributions with parameters λ 0 and {λ 1 , ...,λ O b } respectively.
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Heuristically, the joint distribution of {ν i,t,0 +ν i,t,1 , ν i,t,0 +ν i,t,2 , ...., ν i,t,0 +ν i,t,O b } is nonparametrically identified through variation in the realized market structure,Ī N,t andJ M,t , across time periods. Indeed, the probability of a seller with τ = (p, x, q) entering an auction of type o b is given by
Thus, the variation in expected profits induced by variation inĪ N,t andJ M,t traces out the joint distribution of entry costs. This in turn implies that marginal distributions of independent components {ν i,t,0 ,ν i,t,1 ,ν i,t,2 , ....,ν i,t,O b } are also identified.
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Let us useπ τ (o b ) to denoteπ τ (Ī N,t ,J M,t ; o b ), and ∆ p,o bπ τ to denoteπ τ (Ī N,t ,J M,t ; p) − π τ (Ī N,t ,J M,t ; o b ) for brevity. Then, under the assumption that components ν i,t,0 andν i,t,o b are exponentially distributed the equation above can be re-written as below.
The probability on the left-hand-side of this equation can be computed from the data, whereas the expression on the right-hand-side can be obtained using the model, the distribution of project costs, the inverse bid functions, and the demand-side primitives recovered as explained above. We thus estimate parameters λ 0 ,λ 1λ2 , ..,λ O b by minimizing the distance between the left-hand-side and right-hand-side expressions in (8) for different seller groups and for several values of (I N , J M ).
It is important to note that the potential non-uniqueness of the equilibrium in participation strategies does not impact our estimation of the demand-side parameters or of the distributions of the projects' costs. However, in order to recover the distribution of participation costs we need to assume that the same equilibrium is played in all markets characterized by the same value of (I N , J M ). This assumption is standard in the literature.
Estimation Results
This section presents the estimation results. We begin by summarizing the quality group structure recovered in the classification step. Next we discuss the estimated quality levels associated with different quality groups, the estimated distributions of buyers' outside options and the willingness to pay for quality, as well as the estimated distributions of sellers' costs. We conclude with a discussion of the fit to the data.
Estimation of Quality Group Structure
The quality group structure is recovered for the population of permanent sellers characterized by a vector of observable attributes x, S(x), for all x ∈x 1 , ·, ·, ·x P .
Implementation Details. We focus on the set of projects associated with graphics-related programming (media, computer games, computer-generated animation) of medium ($200-$500) and medium-large ($500-$800) size. We define a seller to be permanent if he stayed with the platform for more than six months. In contrast, a seller who left the market in less than six months is considered to be transitory.
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We recover permanent sellers' quality groups structure conditional on the seller's country group and the long-run average of his reputation scores. Sellers are divided into three groups according to their average scores: less than 9.7 (low), at or above 9.7 and below 9.9 (medium), and at or above 9.9 (high). This definition allocates sellers approximately 30%, 30%, and 40% across the three groups.
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The classification index for a pair of sellers is constructed on the basis of projects for which both sellers belong to the set of potential bidders. We consider a seller i to be a potential bidder for project l if he is active during the week of auction for project l and has submitted bids for projects related to graphics programming in the past.
We implement this classification procedure using only the sample of the US-based buyers, because the classification procedure requires that a large number of observations should be available for each pair of permanent sellers and for projects from a given buyer country and with a specific vector of project characteristics. This condition is not satisfied for other buyer countries (or buyer country groups) considered in this paper. Thus we estimate classification from the sample of US buyers and then impose that buyers from other countries agree with this classification. We demonstrate below that this approach nevertheless allows us to achieve good fit to the data.
The Results of Classification Analysis. The classification of permanent sellers from the sample of US-based projects has been implemented in Krasnokutskaya, Song, and Tang (2017a) . We summarize the main finding here. The reader is referred to Krasnokutskaya, Song, and Tang (2017a) for details and the summary of the robustness checks performed by the authors.
The results of the classification step for the sellers from North America, Eastern Europe and South and East Asia country groups are presented in the Online Appendix (Table 1 ). The table reports for every seller country and reputation score bin the total number of permanent sellers with these characteristics who participated in the projects with graphics-related programming as a main task, the estimated number of the distinct quality groups as well as the number of permanent sellers by quality group and the number of sellers in the corresponding confidence set. The number of the distinct quality levels conditional on observable seller characteristics tends to be larger than 1 for all country groups and all levels of the reputation scores. The latter holds even for the high and medium reputation scores which correspond to very narrow intervals of possible scores. Further, the confidence sets for the estimated quality groups are rather small and thus the group structure estimates are fairly precise. The classification procedure does not assign a quality level to the estimated groupings of sellers. This limits the comparison between the recovered quality groups associated with different values of observable seller characteristics. This comparison is deferred to the next section.
Results of Estimation: Demand Side Parameters
We begin by commenting on our choice of parameterization of the model's components.
Parameterization. We assume that the buyer-seller specific component follows the extreme value distribution with the standard deviation σ 1 . Further, the buyer-specific outside option is represented as U l = γ 0 + 0,l where γ 0 is the buyer-country specific constant and 0,l is distributed according to the extreme value distribution with the standard deviation σ 2 . We further assume that the buyer-specific price sensitivity is distributed according to a normal distribution with a buyer-country specific mean and the standard deviation σ α .
28 Since we estimate the standard deviation of the error term, we normalize the price sensitivity of the North American buyers to be equal to one. We also estimate the mean of the outside option and hence we normalize one of the quality levels (quality level 1 of the low average score group, the South and East Asian country group) to be equal to zero. We assume that transitory and permanent sellers' bid distributions are well approximated by normal distributions N (µ B t , σ 2 B t ) and N (µ B p , σ 2 B p ), 29 respectively. The means of the bid distribution depend on the buyer's country group, the seller's quality, country group, and long-run average reputation score group (or the number and average of reputation scores for transitory sellers), and on the number of potential permanent competitors by group and the numbers of projects by buyer country. Similarly, we approximate permanent and transitory bidders' respective probabilities of participation by normal cumulative distribution functions that depend on linear indices of the buyer's country group, seller's quality, country group, long-run average score (or the number and average of reputation scores for transitory sellers), the numbers of potential competitors by group and the numbers of projects by buyer country.
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Results of Estimation. Tables 2 and 3 in the Online Appendix report the estimated parameters for three specifications. 31 The first specification assumes that the distribution of buyers' price sensitivities and the distribution of their outside options is the same across all buyer countries. The second specification allows the mean of the distribution of the price sensitivities to vary across buyer countries while maintaining that the mean of the outside option is constant. The third specification allows both the means of the distributions of the price sensitivities and the means of the distributions of outside options to vary across buyer countries. Notice that all three specifications assume that buyers from a specific country group may be willing to pay more or less for quality but their willingness to pay does not depend on the seller's country group. Our results confirm the importance of the unobserved quality component highlighted in Krasnokutskaya, Song, and Tang (2017a) . The estimates for quality levels indicate that two or three distinct quality levels are associated with each value of the sellers' observable characteristics and the distributions of qualities vary with seller's observable characteristics. Buyers are willing to pay a substantial premium for improvement in the quality: for example, the average buyer would be prepared to pay a premium of 60% of the project size to move from the lowest to the highest quality level of the medium-score Eastern European seller. The same buyer world pay about 45% of the project size to move from the lowest to the medium quality level of a medium-score Eastern European seller. The estimated standard errors of the stochastic components appear 29 See the comment for the distribution of α above. 30 Since the majority of transitory sellers complete only one or two projects their long-run average reputation scores are not observed in the data. We assume that buyers use public information to form beliefs about the probability that a beginning seller with a given number and sum of scores belongs to a particular long-run average score group. We recover these beliefs non-parametrically using beginning of career and long-run data on permanent bidders. 31 The estimates for the auxiliary objects such as the distribution of bids and participation frequencies for various buyer-seller country group pairs are available from the authors upon request.
to be of a moderate size, which indicates that buyers' choices are driven by the variation in observable covariates and quality to an important degree.
The estimates have reasonable magnitudes and are broadly consistent across specifications. The specifications that allow for observed heterogeneity in buyers' utility coefficients and outside options indicate that non-trivial differences exist across buyer countries. Thus, buyers from the UK, Eastern Europe, Australia and South and East Asia appear to be more price sensitive than buyers from North America or Western Europe. Similarly, Southern European buyers and buyers from the United Kingdom appear to have the lowest outside option whereas South and East Asian buyers appear to have the highest outside option.
The findings on the outside options are consistent with statistics on the rates charged by software developers around the world reported in various media sources 32 which indicate that the programmers in the United States and in the United Kingdom are paid almost ten times more than the programmers in South and East Asia or Eastern Europe; with Western Europe and Australia in-between with programmers' salaries five times higher than those in Asia or Eastern Europe. Thus, it appears that the outside option of Eastern European or Asian buyers should be more similar in value to that delivered through an online market than the outside option for the US, the UK and Western European buyers. It is more difficult to evaluate price sensitivity findings. The data on average household incomes across countries are widely available and indicate that an individual's purchasing power in the US, Australia, the UK and Western Europe is much higher than the purchasing power of individuals from Southern Europe, South and East Asia or Eastern Europe. It is unclear, however, how well these numbers reflect the paying power of the technologically-savvy small businesses in these countries. Table 4 reports the estimated means and standard deviations of the project-cost distributions. Our modeling approach maintains that the costs differ only across seller countries rather than across country pairs. However, this restriction is not imposed in the estimation. In fact, we recover the costs distributions for various buyer-seller country group pairs and then test the equality of the recovered cost distributions for a given seller country group and across various buyer-country groups. Testing results indicate that the equality of costs distributions cannot be rejected in most cases. The Asian seller group is an exception where the equality of the cost distribution associated with the Asian buyer group and those associated with other buyer groups is borderline rejected (with a p-value = 0.13).
Results of Estimation: Supply Side Parameters
The results indicate that North American sellers tend to have higher costs relative to Eastern European and Asian sellers whereas the latter two groups have comparable costs. Interestingly, the costs are U -shaped in quality, i.e., across different seller country and score groups the lowest This table reports the estimated means and standard deviations of the distribution of project costs for different groups of sellers. Standard errors are constructed through a bootstrap procedure. In the table 'S' denotes a reputation score group whereas 'Q' refers to a quality group.
quality sellers appear to have high costs whereas the costs of medium quality seller are generally lower than the costs of high quality sellers. This illustrates the heterogeneity of sellers who participate in this online market. Table 5 reports the estimates of the distribution of entry costs. These estimates correspond to the specification where the distribution of the ν 0,j,t is seller-country specific whereas the distribution of vectorν j,t = {ν 1,j,t , ...,ν O b ,j,t } remains the same across seller countries. 33 To interpret the results it is useful to keep in mind that the expectation of the exponential distribution is given by the reciprocal of the parameter λ. Therefore, North American sellers have generally lower costs (relative to the sellers from other countries). Further, the entry cost for Western and Eastern European as well as Asian auctions appear to be higher than the cost of entering North American, UK or Australian auctions. Table 4 in the Online Appendix reports the average entry costs conditional on participation for various country pairs. The numbers reported in this table reflect equilibrium outcomes and, thus, are not directly informative about any specific primitive. We include them to illustrate the magnitude of entry costs incurred in this market. As the table indicates the entry costs constitute on average about 7% of the project costs.
Lastly, we comment on the limitations of the analysis presented in this section. In this analysis, we take the seller's reputation score as given and ignore the possible dynamic considerations associated with reputation building. To mitigate this concern, we base our estimation of the distribution of sellers' costs on the optimization problem of permanent sellers. While permanent sellers may still take reputation-related concerns into account, the incentives associated with these concerns are likely to be quite weak. A single score does not have a large impact on the average reputation score once a seller has completed ten or more projects. Indeed, we observe in the data that a bad score is not associated with a statistically significant change in the probability of winning or an alteration in the bid of an established seller.
Model Fit
Tables 6 and 7 summarize the fit of the model in terms of sellers' participation decisions and project allocations, respectively. Both tables are based on the estimates that allow for the distribution of buyers' price sensitivities and outside options to differ across buyer country groups.
We summarize the fit of the participation component by comparing empirical and implied frequencies with which sellers from different country groups enter auctions conducted by buyers from various buyer country groups in any given week. The results of this analysis are recorded in Table 6 . This table demonstrates that the predictions of the model reflect behavior in the data quite well. The main discrepancy is associated with North American sellers -the model slightly underpredicts their participation in the UK and Western European auctions and overpredicts 33 In this market sellers usually submit bids for multiple projects. To accommodate this data regularity, we assume that a permanent seller present in a market in a given week wishes to bid for at most three projects; corresponding upper bound on the number of projects for a transitory seller is equal to two projects. These assumptions reflect regularities observed in the data. We further assume that a seller makes independent entry decision for each of the 'potential submissions' and these decisions are based on independent draws of entry costs. We have also experimented with the following assumptions on entry costs for different 'submissions': (a) holding ν 0,i,t fixed and independently re-drawingν i,t , or (b) holdingν i,t fixed and independently re-drawing ν 0,i,t . We find that results remain reasonably robust to these assumptions. Table 3 which reports the overall share of bids from a given seller country group submitted to the auction from a given buyer country group.
their participation in Australian auctions. Additionally, the model slightly overpredicts the participation of Eastern European sellers and underpredicts participation of Asian sellers in South and East Asian auctions. It is worth mentioning that the fit of the participation component is quite difficult to achieve since in estimation we attempt to rationalize the sellers' observed participation decisions through the realized subsequent sellers' profitability in different types of auctions. Specifically, we explicitly model and fit to the data sellers' endogenous pricing decisions and buyers' allocation decisions. These are used to predict expected profitability for a given type of seller from participation in a given type of auction under existing market conditions (i.e., given the set of potential sellers present in the market and the set of projects available for bid). Further, the model primitives which are used to construct expected profit conditional on participation are estimated separately and are not adjusted to facilitate the fit to participation patterns and they do not include bilateral components.
34 Additionally, an important indicator of a good fit of the model to the data is the fact that the empirical participation probabilities are close to the theoretical participation probabilities under the plausible values of estimated parameters. Indeed, we might expect to find a set of bilateral parameters characterizing participation costs (one parameter for every buyer-seller country pair) which reconcile the empirical and theoretical participation probabilities if these parameters are allowed to take arbitrary numerical values. However, in our model these parameters have a structural interpretation which means that they have to take reasonable values for us to consider the model a success. To begin with, they should be non-negative but also they should not be too large relative to other profit components, e.g. costs of completing the project. Not only do we find this to be the case in our estimation, our model is much more restrictive in that it does not allow for bilateral entry costs. The top panel of Table 7 describes allocation patterns generated by the model. The conditional shares of seller-country groups for a given buyer-country group generated by the model are within one or two percentage points of those implied by the data. The largest discrepancy arises in the case of American sellers: our model slightly overpredicts the allocation of projects towards these sellers for all country groups except North America. Note that Table 7 reflects the fit in terms of the ex-ante market shares corresponding to buyer-seller country group pairs. Thus, it indicates that the model is capable of correctly reproducing the allocative decisions conditional on participation and prices, as well as the pricing and participation decisions that generate the choice sets on which allocation decisions are based. This summarizes the fit of the allocation patterns implied by the model to the data on the basis of the estimates associated with specification (III), which allows for the distribution of buyers' price sensitivities and outside options to differ across buyer country groups.
The bottom panel of this table investigates the clustering patterns generated by the model. It shows the distortion of conditional seller-country shares among the projects allocated by a given buyer country relative to the marginal distribution of projects across seller countries.
This exercise confirms that the model reproduces the clustering pattern observed in the data to a large degree. Specifically, it predicts that North American sellers tend to submit bids to North American auctions at a rate that substantially exceeds the rate implied by the marginal distribution, whereas they tend to participate at a lower rate than that implied by marginal distribution in the auctions from other countries. Similarly, North American buyers tend to choose North American sellers at a rate that substantially exceeds the rate implied by the marginal distribution, whereas all the other buyer countries tend to substantially underhire them. The model also generates clustering for European buyers and Eastern European sellers as well as for Australian and Asian buyers and South and East Asian sellers.
At the same time the results indicate that our model does not perfectly capture this clustering. Specifically, it closely follows the clustering pattern for Asian sellers but tends to underpredict distortion in the case of Eastern European sellers and underpredicts distortions in both directions in the case of North American sellers. We quantify the gap between the empirical distortion and the distortion implied by the model using the following index:
where M B , and M S denote the numbers of buyer-and seller-country groups; c 1 index seller groups; c 2 index buyer groups; s c 1 |c 2 and s c 1 represent the conditional and the marginal frequencies, respectively, of different seller-country groups. 35 We find that the value of the index which reflects clustering generated by the model captures 80% of the value of the index computed from the data. Thus, our model is capable of generating clustering patterns close to those observed in the data despite the absence of bilateral preferences or costs.
Dissecting the Clustering Pattern
Having established that the model is capable of generating the clustering pattern, we next decompose clustering into the "demand" and "supply" components. We isolate the impact of sellers' participation decisions on the clustering in trade by considering a setting in which buyers are presented with random choice sets rather than a set of sellers who self-select into participation with a given buyer.
Specifically, we re-compute equilibrium outcomes for the auctions in our dataset under random (or non-strategic) participation. We solve the model under the counterfactual scenario outlined above using an extension of the computational method proposed by Marshall, Meurer, 35 This index is a statistic which is commonly used to test for conditional independence of random variables. If the frequency of sellers' participation does not vary with (is independent of) the buyer country then s c1|c2 = s c1 for all c 1 and c 2 and thus the index R is equal to zero, whereas a deviation from zero points towards statistical dependence. We use this statistic to construct a measure (index) of dependence. However, in our setting, the number of observations used to construct this index is so large that any reasonable positive value is indicative of a statistically significant dependence. The right-hand-side panel of this table reports the results of a simulation analysis which studies clustering under non-strategic participation. The bidding strategies are re-computed to account for non-strategic participation. , and Stromquist (1994) . Our computational algorithm is summarized in the Appendix.
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In this exercise we hold the global market conditions -the set of potential sellers and the set of projects offered for sale -constant for each time period. To generate a dataset with a random allocation of sellers across projects we proceed in the following way: every potential seller who appears in the market in a given period is allocated to one of the projects offered during this period at random. We compute bidding strategies sellers would use in the environment with such non-strategic participation and use them to simulate bids and auction outcomes under the new participation regime. Table 8 reports the conditional shares and the ratios of conditional shares to marginal shares generated by the model with non-strategic random participation and compares them to the conditional shares and the ratios generated by the model under the participation strategies used by sellers in the data. The results indicate that the previously observed clustering in trade between North American and UK buyers and North American sellers; between European buyers and Eastern European sellers; as well as between Australasian buyers and Asian sellers is diminished. In contrast, the conditional allocation in excess of the marginal now arises in Western Europe for North American sellers, in Australasian buyers for Eastern European sellers, and in Eastern European/South European buyers for Asian sellers. These patterns indicate that participation decisions are driven by demand in some cases while they work against the demand in other circumstances. In either case, participation decisions play an important role in determining the trade patterns in this market. In fact, the difference in clustering of trade between strategic and random participation accounts for 70% of all clustering generated by the model.
Policy Analysis
In this section we investigate the effects of policies impacting participation decisions of potential sellers in the context of markets where multiple auctions are available for bid. We focus on the policies impacting international trade since the sorting of sellers across projects most prominently occurs along this dimension.
Specifically, we consider three types of counterfactual scenarios: (1) the exclusion of low quality foreign providers, for example, through licensing; (2) the general restriction on participation of foreign providers (quota on foreign participation); and (3) a preferential pricing of domestic providers which enables domestic sellers to charge higher prices in equilibrium. Under the last restriction, domestic buyers are penalized for purchasing services from foreign sellers unless the domestic price exceeds the foreign price by a specified margin. The policy indirectly promotes reduction in the availability of foreign sellers as we explain later in this section.
In order to implement this analysis we need to solve for the equilibrium bidding and participation strategies in the multi-attribute auction environment under a variety of counterfactual restrictions. The details of the numerical algorithm that we use are summarized in the Online Appendix. The algorithm is computationally quite costly. Specifically, it takes from one to several hours (depending on the number of groups) to obtain a set of bidding strategies that correspond to a given set of participation strategies. Since we need to achieve convergence both in the participation and bidding components, the computation can take a very long time. Since our objective is not to develop specific policy prescriptions but to investigate the mechanisms through which these policies affect the market, we can simplify the setting to reduce the dimensionality of the problem.
Specifically, we first discard auctions held by South European buyers due to their small number and because the preferences of these buyers differ significantly from the preferences of buyers from other countries and are thus not amenable to aggregation. Then, we aggregate buyers into three larger country groups: North America (unchanged), Europe (combining UK and Western and Eastern Europe), and the Pacific region (combining Australasia with South and East Asia).
36 Further, we reduce seller heterogeneity by eliminating differences in reputation scores.
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Thus, in the end we have 9 different seller groups -3 country groups with 3 quality groups per country group (with the exception of North America where we have only 2 quality groups) plus the residual group comprised of all other countries -and 3 buyer country groups. We additionally ignore the distinction between permanent and transitory sellers in this analysis. Instead we impose the rule that all sellers are permanent. We have experimented with a specification which 36 We associate an aggregated group of buyers with the distribution of the tastes for quality and the distribution of the outside options that are equal to the weighted averages of the corresponding distributions for included original groups. 37 We replace the quality level of each seller with the average of quality levels of sellers from the same country group who have the same quality rank (1, 2 or 3) but possibly belong to a different reputation score group. This table summarizes participation and allocation across different groups of sellers under several counterfactual scenarios. For a given specification (horizontal panel) each entry in the left half of the panel reflects the conditional probability that a bid is submitted by a seller from a given country group conditional on this bid being submitted to an auction conducted by a buyer from a given buyer country group; similarly, each entry in the right half of the panel reflects the conditional probability of an auction being won by a seller from a given country group conditional on this auction being conducted by a buyer from a given buyer country group. The numbers reported in the table are simulated averages across sample time periods.
allows for a universal (non-country-specific) transitory type and have obtained very similar results. In general, allowing for transitory sellers is costly since it requires maintaining additional seller type(s) when solving for bidding strategies.
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We begin by solving a benchmark game which corresponds to the case without trade restrictions. In this analysis we replicate the market structure observed in the data. That is, we impose the rule that the number of projects by buyer country and the number of potential entrants by seller group for each time period should be as observed in the data. Table 9 reports the distribution of the number of bids (participation behavior) and the allocation of projects across seller countries conditional on the buyer country (see the benchmark case).
39 The table replicates the 38 In order to explore a possibility of multiple equilibria in this analysis we solved each game using 100 different starting points. In each case we converged to the same solution. Since we use contraction-style mapping to search for equilibria, we conclude that other equilibria, if they exist, must be of a non-stable type.
39 Specifically, each entry in the top left panel reflects the conditional probability that a bid is submitted by clustering highlighted earlier. That is, the fraction of bids submitted by North American sellers to the projects of North American buyers, and by European sellers to the projects of European buyers, and by Asian sellers to the projects of Pacific region buyers are higher than the corresponding shares implied by the marginal distribution. Similar patterns are present in the distributions of allocated projects conditional on the buyer country. Further, Table 10 , which reports the probabilities of participation (that is the probability of submitting a bid to a given buyer country group) for different seller groups, demonstrates that the majority of bids for each seller group are submitted to North American buyers. Note that we do not scale the participation by the number of available projects in any way. This pattern arises from the model as a result of the expected competitiveness of various types of auctions generated by the demand and expected supply. Thus, the solution generates all the features of interest to our analysis. In this table we compare participation probabilities for different seller groups computed for the benchmark and counterfactual settings. The entries in a given row reflect the probabilities with which a seller from a given country group (summarized by this row) enters one of the auctions conducted by buyers from the country group corresponding to a given column conditional on being present in the market.
Next, we solve the model under the scenarios that impose restrictions on trade. Specifically, we focus on the case when the restrictions are imposed unilaterally by the US (North America) and perform robustness analysis that allows such restrictions to be imposed by all buyer country groups wherever appropriate. The results are summarized in Tables 9 and 11 which report conditional market shares (participation and allocation), and the welfare measures, respectively.
Quality Restriction on Participation. First, we consider a setting where the restriction on trade excludes foreign sellers with the quality levels below the lowest quality level of North a seller from a given country group conditional on this bid being submitted to an auction conducted by a buyer from a given buyer country group; correspondingly, each entry in the lower left panel reports the conditional probability of an auction being won by a seller from a given country group conditional on this auction being conducted by a buyer from a given buyer country group.
American sellers. Under this scenario, the lowest quality Eastern European sellers are prevented from participation in North American auctions. This restriction has a low impact on market allocations since the "banned" group is small and holds a modest market share even in the unrestricted setting. Low quality Eastern European sellers reduce their overall participation and shift their bids towards European and Asian auctions, whereas higher quality Eastern European and North American sellers move to North American auctions, compensating for the absence of the excluded group. The changes in welfare for all market participants except for low quality European sellers are rather small. Quota on Foreign Participation. Next, we consider the case when the availability of foreign sellers is restricted without regard to quality. In this experiment, foreign sellers have to obtain permission in order to submit a bid in a North American auction. The number of permissions granted is set to be 30% below the number of foreign bids submitted to the North American auctions in the unrestricted setting. 40, 41 Under this quota restriction, the number of bids submitted to North American auctions decreases. Indeed, the participation of foreign sellers would have to decrease unless prices increase. At the same time domestic sellers would adjust their participation so as to maintain higher prices since the increase in their probability of winning is guaranteed by the reduction in foreign participation. Thus, domestic participation would not increase sufficiently to offset the reduction in the number of foreign bids. As a result, prices in North American auctions increase. North American buyers are hurt by this increase. Interestingly, this effect is mitigated by the change in the mix of sellers participating in the North American market. Specifically, higher quality foreign sellers who are inherently more competitive (they are more attractive to buyers and have lower costs) shift their participation away from North American market at a lower rate relative to the low quality foreign sellers. Similar regularity also holds in the case of North American sellers with the higher quality group gaining more in terms of market share relative to the low quality group. As a result, the mix of sellers participating in the market shifts towards higher quality. These effects can be observed in Table 10 which reports the probabilities of participation across seller groups under a participation quota and in Table 11 which reports welfare changes resulting from a quota restriction both under fixed participation (sorting is not allowed) and when participation is allowed to adjust. 42 As the results indicate, under fixed participation the welfare loss to buyers is substantial (-12%) and the overall welfare is reduced (-5%). The adjustment in participation lowers the negative impact on buyers (to -3%
40 To streamline the analysis we assume that the seller does not get a chance to switch to a different market if his request is denied.
41 The numbers reported in the tables are obtained under the assumption that entry costs are paid when applying for the permission to submit a bid. We have also experimented with settings where only part of the entry cost is paid when applying for permission and the rest is paid if permission is granted. The results are qualitatively similar across such settings.
42 Specifically, when computing an equilibrium without sorting we impose that the relative frequencies of participation in different types of auctions for a given seller type remain, as in a benchmark case. The probability of not participating is allowed to change and then all other probabilities are adjusted accordingly. only) and thus leads to an overall modest increase in North American welfare (+4%). We draw several conclusions from these results. First, participation decisions play an important role in this market since they impact the mix of participants in addition to their number. Second, changes in the quality mix are able to substantially offset price increases associated with the reduced competitiveness of the market. This is because higher quality sellers are characterized by cost distributions with relatively low mean and variance. Thus, in addition to delivering higher utility to buyers their increased participation also brings down prices in the equilibrium relative to the case of fixed participation. Third, since the domestic supply of providers is somewhat limited relative to the very high volume of services requested on the demand side, the welfare impact associated with any policy is dominated by the effect on the demand side of the market.
Domestic Price Preference Policy. An important consequence of quota restriction is a substantial increase in prices brought about by the reduction in competition at the auction level. We now consider a restriction on trade (domestic price preference policy) in the form resembling bid preference, which has been shown to limit the impact on price from the reduction in competition in the context of auction markets.
43 Under this policy a buyer is penalized (pays a fine equal to x% of the project size) if he purchases the service from a foreign rather than domestic seller unless the domestic provider of equivalent quality ranking is not available or the difference in price between foreign and domestic providers of equivalent quality ranking exceeds x% of the project size. We choose the size of the price preference so that the foreign participation under this policy is similar to the foreign participation under the quota policy. Specifically, we impose that the number of permission requests in the latter case should coincide with the number of bids submitted in the former case. To achieve this we set x% equal to 9% of project value. The impact of this policy, which is well understood in the auction literature, is somewhat different from the impact of the quota. Indeed, the price preference permits domestic sellers to increase their price above the levels charged in the environment without preferential treatment. However, this tendency is limited by the competitive pressure from domestic and foreign providers. Foreign providers are forced to reduce their prices in order to maintain a reasonable chance of winning. In fact, foreign sellers of lowest quality levels and with high cost realizations are effectively driven out of the market since they are not able to win sufficiently often at any reasonable price. The same regularity reduces effective and actual participation of foreign sellers at all quality levels. As in the case of the quota, the quality mix of foreign participants shifts towards higher-quality levels. North American buyers pay lower prices relative to the case of the quota and they are presented with an improved quality mix relative to the benchmark case. As a result, the buyers' surplus and the overall welfare increase, the latter by 7%. In this case the difference between fixed and adjusted participation is less important since price preference induces substantial effective adjustment in participation.
It is worth noting that the burden of price preference policy is born by foreign sellers whose profitability is substantially reduced by this policy. Additionally, even if other buyer countries impose a similar policy of price preference on the transactions of their buyers, they are not able to impact North American welfare to a large degree since foreign participation of North American sellers is very limited.
44 This experiment, of course, holds the conditions in other markets fixed, when in reality, foreign countries may retaliate through policies impacting other markets.
Conclusion
This paper makes a two-fold contribution to the literature. First, we develop a tractable model of an online market for services which rationalizes the sorting of heterogeneous sellers across heterogeneous projects and the realized volume of transactions. We specifically focus on the ability of our model to explain observed clustering of international trade which is a prominent feature of our data. Such an analysis has an independent substantive interest since this market is representative of the increased importance that the electronic space plays in facilitating international trade in services. Second, we investigate the importance of taking sorting (and resorting) into account when analyzing policies impacting participation in such markets.
The main conceptual difficulty which arises in the study of online markets is that these markets involve a very large number of sellers that are potentially competing with each other for a large number of projects; and yet the competition for a specific project is localized to a relatively small number of sellers. Thus, the model of such a market has to be able to explain how project-level competition arises from the market-level conditions. This paper is quite successful in achieving this goal. Specifically, the model we propose explains quite well both sellers' participation decisions (where to bid), prices they set, as well as eventual buyers' choices. The key insight which insures a successful fit of this model to the data is that the equilibrium outcomes in a given period are determined both by the number and composition of the set of potential sellers and by the set and the composition of available projects. It is thus important to take into account that each seller's decisions reflect the fact that he and his competitors are choosing among multiple auctions when deciding where to participate and which bids to submit. In fact, we show that 70% of the observed clustering of trade is explained by sorting into participation and by pricing which takes such sorting into account.
From a policy perspective, we find that the sorting of sellers into participation should not be ignored as it may play an important role in determining policy outcomes. Specifically, the analysis of the policy restricting participation of foreign sellers in the US market which fails to take re-sorting into account finds that the welfare of North American buyers would decrease since such a policy would result in higher prices and thus lead to a reduction in buyer surplus. However, the model that takes into account participation adjustments accounts for the fact that the mix of sellers participating in US market would shift towards higher quality which mitigates the negative effect of a price increase. Such a model would predict that the overall welfare would in fact improve modestly.
